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A Program for Transformational Syntactic Analysis
By Se R. Petrick

Introduction

We have been concerned with the problem of syntactic
analysis with respect t0 a transformational grammar for more
‘than three Years now, and during that time we have developed L

a sequence of computer programs that implement our ideas on

(RS

transformational analysis. These programs for the most part
.'ha_.ve b'een writéen in the LISP programming language anc debugged
- 6n the AFCRL Univac M~460 LISP System. ‘As might be expected
the basic program has 'undergone € continual sequence of chaﬂgea.
These modifications stem from several causes among whiéh are
the follcwing:

(1) Analysis of sentences with respect to specific ‘ \
transformational grammars has uncovered sewﬁl fundamental |
errors in our analysis procedure. This causec} us to modify a .
our analysis algorithm and, of course, to make corresponding

changes to the LISP implementation of that algorithm.

(2). Changes have been made in the underlying class of .
transformational grammars for which the analysis procedure
ie ve.lid‘.. These changes were made to permit .the consideration
{ ' of grammars that :feﬂeét current developments in transforma-
| ‘ticnal theoi';._ : | | “ |
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(3) Actual user experience has dictated certain changes

' in input and cutput formats. Several output options have

been added to aid in the debugging of transformational grammars.
(4) Excessive time requirements encountered in the

analyeis of specific sentences have suggested changes which
have increased fhe efficiency of the analysis program.

Changes of the last three types a..re 8till being made.

| In spite of this it seems appropriate at this time to document

and make generally available a version of the program ‘which has

' been tested on the IRY TO4k and 7094 LISP Systems as well as
" on the Univac M-460 LISP Systems It is hoped that this program

will be of use to transformational grammar writers who wish

to verify that their grammars assign structural descriptions

as intended, It is further hoped that the availability of

this progrem may encourage people who are interested in working
toward the realization of a matural lunguage computexr input
capability to ‘coneider the problem of mapping structural
descriptions assigned to a sentence by a transformational

gramar into appropriate computer code.

In this paper we will precisely define a class of
transformational grammars and we will describe and document

'8 oomputer program for the analysis of sentences with respect




! 4
‘ o graxmars of this class. This program is at present ;un:lque
Sad Wt . " 4n constituting an analysis procedure that 18 valid for a
f .‘ _ R non~trivial class of transformational gramars. We will not
.~ bresent the linguistic motivation for our formalization of

! B tramsformatiopal grammars, nox will we discuss in detail

1 ¢

i the analys!ls algorithm upon which the computer progrem is .,

g )

0 . .based. These toplics are discussed elsewhere [1,2]. We.
will comment briefly on the relationship of our approach
to that of others, but thie comparison will be deferred
-until we have discussed our own works '
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Class of Grammardg Considered

 The syntactic component of & transformational grammar,

* a8 we define it, consists of two subcomponents, a base com-

ponent and a transformational component. Tae base component

- gpecifies & set of trees or labelled 'brai:kettinga that we will

"+ 1 call "base trees™ or "deep structures”. The transformational

componén‘.; maps certain base trees into other trees that we
will refer to as "surface trees". These surface trees are,.

" of course, also labelled brackettings, and their debracketizations
coustitute the sentences of the language specified by the. syntactic

component of a transformatinnal gramar.

The base component will be taken to be a context free (CF)
graxmar.* Ve ﬁu not formallize a CF greammar here but will
mergly descxribe those convenb;om we have fixed for our -
convenience:

(15 The distinguished symbol is Sl.

(2) There is another symbol COMP, distinct from SL, which
is expanded only by the rule COMP -+ SENTB S1 SENTB.

(3) The sentence boundary symbol SENTB is & terminal
symbol. Neither it no¥ Sl appetxs in the r:lgh‘t mexber of
any rule except the one given above in rule 2.

Full Tt Provided by ERIC
pg-ray g

-

* For a discussion of the case where the base component is &
. context sensitive grammar see Section 3.T of reference [2].
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‘ o B . Our input format for the base'component represents
i : : “
7., the CFrule A Ay eeo A by the list (A, A, ... A ).
do not make use of a notation that allows CF rules with
optional or disjunctive sets of constitutents, which are
* : - usually denoted by parentheses and brackets respectively.
Were we to allow such notation, however, we would not
. . /
| simply produce the expanded CF grammar that this notetion -
denotes. Instead, we would obtiin an equivalent grammaxr
\

using a generalization of the algorithms found in section

' 5 of reference [3].
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For e:nample » the complex CF mi.e
8 ,
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denotes 300 separaste CF rules. If, however, in place of this
rule we substitute the met of rules (i1) below, we generate
- . $he same language. " | .
| . | (1) Al_"AanzAG?a | o | -
Al-oBaAGBS | ol E g | .
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Furthermore, structural descriptions of sentences with

-

respect to & grammar G containing rule (i) may be obtained

from those with respect to & grammar G’ in which rules (ii)

. are substituted for ruie (1) by merely drawing a line through

. all nodes B:L which are nonterminal symbols of G’ but not G. .
Tt is possible to mechanically produce such a grammar G’ that |

is strongly equivalent in this sense to a CF gremmar G that

- o . " 4s written in pazjentheéis é.nd brace notation. Not only is

| this more economical of storage space than merely expanding
G to simple CF rules s but the analysis of sentencas with |
respect to G/ 1s, at least for many CF analysis procedures,

.' more efficient than is analysis with respect to the expanded

.foz;m of G. -~

Although we could have programmed the mechanical dexri- R
vation of equivalent grammars, we did not do so because the
| I | - ‘tese component ia not frequently modified during the develop-

‘ment of a transformational grammar, and it is not difficult

...

0. produce a particular equivalent grammay by hand. This was,’ R
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for example, done for a CF 'grammar' related to the MITRE
Junior Grammax [4], reducing the number of CF rules required

)

from over 5000 rules to just 305 rules.

The extension of the base component to make use of
complex features in the lexical rewriting iules is currently

" | belng programmed. Howevex, for the veraion 'of the program that

is presently availkble lexical rewriting must.be accomplished
by CF rules,

-

g
. The transformational component consists of an ordered

" get of transformations s each of which maps a tree structure
into another tree structure. These trmnsformations are

appliel in order and in o cyclic fashion until they are

.. . no longer appiicable s the output of a transformation at

each stage serving as the :I.nput to the next transformation.
The first transformation is applied initially to a "deep
" structure™ given by the base component, and the ultimate
,.ﬂtructurea produced are called surface structures. For
details on the transformatitnal cycle see reference [1]

or [2].; The reader is also referred to thoge sowrces

e ’_‘ for definitions of puch terms as mtructural index and prope:

~ analysis, to which we refer in the saequel.
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‘* - - | | We distinguish two types of tré.nsfomatiqns » 8ingulary
| and 'binar&, although we need not have formally made the

o ou ..

distinction. Singulary transformations must precede binaxry

transformations in the ordering sequence. Binary transe-

formations axe distinguished by the fact that they alweys
! refer to two levels of embedding, and they always collapse

those jbwo levels of embedding to & single embedding level.

BN ettt ettt s 3 < . e a5 03 vttt

(The nth embedding level is defined as that portion of a

tree dominated by precisely n occurrences of a symbol COMP

T 0 bt G e o,

whose immediate constituents are SENTB S1 SENTB.) The
stiuctural index of every binary transformation must contain
tWwo ocourrences of the semtence boundary symbol SENTB, and
1! _ the structural change must indicate the:ﬁ both occurrences are

| ' S Lo 'delefed, The nodes which satisfy the terms of the structural
. 'index of some singulary transformation must all be contained

in some currently deepest embedding level, so of course no
| ~ Bingulary transformation can have SENTB as a structural

; - ,; " .index term nor can any rule schema term X of & aingulary
i - : tmfo@tion be satisfied by a sequence of trees containing

the syubol SENTB. | .

. Binary transformations are repeated at one ﬁpper embedding level
*¢ .- until no longer applicable. Singulary transformations may
. .. 8180 be designated as REPEATED in their application at & given
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< Q -
1
1

. ' - . . . ' .
. . . . N *
Cae ’ . N
. g . . !
ERIC____ - M W, .
" ’ e e
T S S T e e RS VSR IR S IR AT DTN UIR i 0 R Sk R T TR O s e e DT el T e
H ) : . Mo o e Biom agkevgnrm e a ep s egeeben e o R P R R R DR I R T R R O o i

o2 ampnp e bu




- .
o = B rn s B ki <o D Nt it 3 it e s el S ]

point in a derivation. Singulary tranaformations may also

be designated aes optional (OPT) or obligatory (OBLIG) with

respect to thelr performance if applicable. In the present

version of our analysis program we assume all transformations

are optional, reserving for a synthesis phase the elimination

of derivations that violate the requirements of some obligatory

. trangformation. Inclusion of optional-obligatory considerations
into the analyaié procedure itself is discussed in (2] but its
programming hes not been completed.

The stfuctural change specifies the changes to be performed
on the trge being transformed in terms of two elementary'trans-
formations, sister;adjunction and substitution (which includes
deletion). Sister adjunction is an operation that adjoing two
or more trees in an indic#ted order and substitution is an |
operation which substitutes an adjoined sequence of trees
or a single tree or a null tree for a given subtree R’ of
some tree R. If an adjoined set of trees or a single tree
is substituted for R then each substituted tree is connected
to that node of R which immediately dominated R'. If,
hoﬁever, a null tree>is substituted for R’ then not only 1is R’
deleted). but also higher structure -emanating from R’ up to the .

-firat node that dominates two or more nodes.
. o N
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.15' | | - "I'he structural change is an .n-tuple where n '1s the
| number of terms in the corresponding structural index.
Each of its n tems consists of either (1) the integer
zero, der;oting substitution of the null tree, (2) an integer

J between 1 and n, denoting substitution of the Jth tree

of the prbper analysis which satisfies the structural index, N -
. (3) a specific morpheme, which need not necessarily be a

terminal symbol of the base component, or (4) the adjunction )

"’ of two or-more of the nembers of (2) and (3). The ith term
of the structural change denotes the stxructure which is to be substituted
for the ith tree of the proper analysis in question. |
If the jth term of the structural index is a rule schema
, “ symbol X, then the jth term of the structural change musi: be |
. _ | simply the number .}, denoting that the structure designated
l | by X is not to be modified.
: In specifying tﬁe domain of a transformation it is necessary
not only to make use of fhe notion of & proper analysis with
: v respect to a structural index but also to utilize supplementary
‘condit:lona_. Many different types of conditions have been
’ o suggested 'by 1ing\_118ts as appropriate for natural 1an¢u§ges ’

- and a few types of condi:t:lone appear to be universally émﬁloyed-
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| ‘ R by transformational grammarians. One such type is the
' | condition that two trees satisfying different terms of a

structural index be identical, and another type is the

cc "dition that a tree be dominated by a prescribed

B broht.. v, v
®

node and/or dominate other prescribed nodes. Changes axe

currently being made to permit use of all the different .

* Pl s i

‘ ‘-_l-.ypes of conditiocns that Rosenbaum uses in his core grammar [5].
The currently available version of the program, however,
allows only the requirement of equality and the require~

-nment that a node dominate a prescribed éequence of nodeés. .

B W RSP ENTSY 7

To make clearer our formalism for transformations we
’ present an exémple using the LISP S~expression notation
T f | _ .’ wvhich we use as our input format. Consider the transfor-

“mation

(631.16 (((PRE)) WP AUX V NP'BY PA3S ((ADV)))
| . o (L5 (3 BEEN) 40 62 8)
g R '_-*"'-.. () eassmvE).

. This transformation is an ordered S-tuple expressed as a
list qf ;t‘ive elements. The first elemént, OBLIG in oﬁr
example, denotes that this transformation is an obligatory

" singulary transformation. Other choices for this first
é}ement are Ol?'r'for optional singulary tmsi‘omat:.ipn,‘

~.
L

o st oo
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‘ o | . ."  FEPEATED for repeated singulary transformation, and BINARY

for binary transformation.

. The second element of the transformation is its structural

index. In our exemple this is (((PRE)) NP AUX V NP BY PASS

((ADV))). Terms consisting of a list of symbols enclosed in

"+ ; double parentheses denote either no symbol or any one of the
symbols thus enclosed. Hence, by (A B (((C)) D) we mean (A BC D) -
or (A BD) and by (A B ((C D)) E) we mean (A BC E), (A BD E),
or (A B E). A term formed by enclosing & list of symbols in

p.:r ok

a single ‘pa.r_enthests denotes the choice of exactly one syﬁbol .-

- ek .

" 4in all of the possible ways.

’ : The third element is the structural change. Adjunction
| is indicgted by grouping the set of trees to be adjoined, using
a pair of parentheses. In our example the optional tree
dominated by PRE is to be left alone (substituted for itself)
as are the trees dominated by V and BY. The second ti‘n'ee ‘
~ dominated by'NP is to be substituted for the first, the -
. ‘morphemes BE. and EN are to be adjoined as right sisters to
| the tre; dominated by AUX, the second NP-tree is to be deleted, . | |
: . the first NP-tree is to be su‘bst:l.tuted for the structure
. dominated by PASS, and the 'bree dominated by ADV', if present,
_+ 18 vo e lef‘_b alone.

.
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The fourth element is a list of pairs of trees that |
must be identical if the transformation is to be applicable.
For example, identity of the DET-trees and N-trees referenced

in the binary transformation

(BINARY (X DET N SENTB DET ((ADJ)) N ((10C)) AuX VP SENIB X)

(L (26) (38) 00000 (THAT 9) 10 0 12)

((25) (3 7)) surer)
is indicated by the term ((2 5) (3 7)), If a transformation
requires no conditioné of identity be met, it is still necessary
to indicate this by making the fourth element of the transfor-
mation ( ) or NIL. |

The fifth element of a transformation is simply the name
of the transformation. A sixth element can optionally be
inéérted (making the transformation a 6-tuple) to indicate
that a node of a tree satisfying a given structural index temm
must dominate & prescribed sequence of nodes. For example »

'if in the previous BINARY trar formation we add the sixfh
. element ((2 (DEF))(10 (V NP))) then we indicate that the

. . first DE_.‘I'-tree of a proper analysis must dominate the node

DEF and the VP-tree must dominate V NP. It should be noted

that we'do nobrequire the dominated nodes to constitute a

. complete proper analysis of the node that dominates them.

-
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To illustrate the application of transformations to a

deep structure given by a base component let us consider a
*  transformational component consisting of the singulary

transformation PASSIVE and the BINARY transformation pro=-

viously given, the former ordered first as we require. We

* | apply these rules to the base tree

,' S1
1 E NP “/A'ux\v;R
_DEF” MaN SENTB S1 SenTs PesT "I
. ) LOSE Der N
TII‘ A \B 00K
NPT A VR “DEF_
DET/\ N AuxA AuxB N\ Mo THE

. NN Smo DET N
. o /aar-' MAN 'ms Be ING Pke. :T \

PIP
THE PRES o DE'F IPE

THE

[ R Y N PO .
. '

On the first cycle of applying rules the singulary trans-
formation is not applicable it the binary transformation
~ 1is because the proper analysis ' o oa-

X
| A /N
‘g OFF MAN DEF WA AgkA Augs VANP T Sye

' THER " e TNS BE'ING shoke ber N MXA Y NRBY s

( X 4 DETy N, SENTB, DET, N , ALK VP ,SENTS,

)
‘ms lose DEY” A
mis us‘r PiPe T

° ‘ = | PAsT DEF 8K .
- o s : 'y ' T”E . T”E

EKC - . N

.
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Q . . satisfies the structural index of thd binaxy transfoxmation.

a Performing this trensformation gives the tree

Wi e s s

N
/

»
(Y
L]

DET N COMP AUKA. V NP BY PASS

TN

L ' DEF s- TNS LOSE DET N

o ] UART

THE THAT AUX VP PAS‘I' DEF BOOK

. N

AUXA AUXB V NP

//{\\ |

BE ING SMOKE DET "

\ .
V' rres . © DEF PIKE . .
' THE
) \
- .’ 15

e, RO . . . O 'memmmmw*,, ’
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Going through the transfcrmational cycle again frqm the

" beginning, we sce that the PASSIVE transformation is applicable -

t0 this tree. FPerforming ':lt gives

Sf Tk

AUX BE“EN VP
Y [ ) N
DET N AUXA V BY NP
: | I | IR ' _
DEF  BOOK TNS IOSE })m N cogap - )
. 1 .
THE . PAST . DEF MAN s1
THE - THAT AUX VP
1
/AUXA AI\IXB\'I NP
N I . INS .'BE/INGSMOKED?N'
/ /1.
PRES 3@ PIPE
THE -

which is the surface structure that after verb-affix permutation

and morphophonemic tranformations would give the sentence,

“The book was 1ost by the man that is smoking the pipe.”

There are & few general requirements that must be made on
the. class of 'l;ransfomxational- grammars for which our program
consitutes an analysis procedure. The first such general condition,

due to G. H. Matthews, limits deletion by requiring that each

. deleted tree must be uniquely reconstructable from the transforxmed

o tree. More ‘prec:i.aely, the number of every term of the structural .

index which 18 not a terminal. symbol. or ‘transformationally introduced .

~
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morpheme must either appear somewhere in the corresponding

structural change or else must be equated to some nuwdber

that does occur in the structural change.

-

A second general condition on a transformational grammox ' ¢

i . ‘ " G which is dictated by recognition considerations is that there
- 1 be a bound on the depth of embedding as a function of the number
of words in a sentence generated by G. If this condition is

not met, a gramma.r‘ can assign arbitrarily deeply embedded base

structures to a sentence, and, in particular', can assign an

R

unbounded number of structural descriptions to a sentence. Hence,

requirements on a grammar must be established which guarantee

{ ' - ' that the depth of embedding be bounded in order to make possible

. " & recognition procedure whose computation is bounded as a function

of sentence length. There are several ways of establishing such

requirements. These are discussed in reference [2] but are not

particularly germane to the user of the existing LISP analysis

" program, who must fix e maximum depth of embedding prior to

\

of embedding does not exceed this limit. .

there be a bounded number of occurrences of the symbol COMP at

analyzing a particular sentence (or set of sentences). Ensuing
analysis will be valid only for sentences vhose maximum depth

A similar requirement on a transformational grammar is that

- | L
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eny embedding level. This requirement is always met in
- grammars of practical linguistic interest where recursion

is permitted only through use of the symbol COMP.

A final requirement is that the numbexr of consecutive

| applications of a repeated transformation which are allowed

in a8 single cycle must be bounded. As with the previous

‘requirement 'ﬂo loss of practical descriptive facility is

caused by bounding the number of consecutive applications of some
repeated transformation, for example, to the number of terminal

-' ‘_sym‘bols in the sentence being analyéed.

This concludes our ré.ther informal description of the
class of grammars with respect to which our program finds all
structural descriptions of & giveq sentence. In the following
section we give operating ::natructions'and input-output formats.
It is hoped that the examples given will illustrate the clacs of
grammars for which our computer program constitutes a gene,ral
analysis procedure.

\

\
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~ Operating Instructions

| fl 3 We limit our consideration of computer operating
instructions and input-output formats to_ the IBM TOLL -
| o9k LISI?..’L.S computer implementations of our analysis
4. - algorithm. The versions of the program for the MIT CTSS
" | gystem and the AFCRL UNIVAC M-460 computer are essentially the

Starting with a basic LISP 1.5 system a packet of _cards
-is"read, and overiord instructions which define and compile
all necessary functions are executed. Incliuded in this packet
are cards vwhich set the values of certain constants which are refereﬁced .'

‘a8 free variables 'by the various functions.

To: use the system it is first necessary to "set-up"
(i,e. define) both the base component and the transformational
component:.of & gramnmar. A list of base component rules mﬁst
be set a3 the ‘value of the constant named GRAMMAR. For -
exemple, for the grammar
'S1 - NP VPL | | | .
VPL - V1 o

© V1 - APPEARS

NP - IT COMP | : " N
S1 - NP VP2 |

~

.
. o e
. .

.
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S1 - NP VP2 MAN'
L VR -V2NP
ot weDmE
e
- N - CATS
" * { DET = THE
MAN - BY P
V2 - LIKE

.

COMP - SENTB S1 SENIB

" we evaluate

o CSET (GBADMAR ( (51 NP VEL)(VEL V1)(V1 APPEARS)(NP IT COMP)

(s1 WP VP2)(S1 NP VP2 MAN)(VP2-V2 NP)(NP DET N) (N DOGS) o
(N CATS) (0ET THE) (MAN BY P){V2 LIKE)))

Note that the rule COMP - SENTB Sl SENTB is -understood
- and should not be included as an element of the list GRAMMAR.

In addition to the list. GRAMMAR two other constant lists
. must be set up. in specifying the base cdmpt‘anent. One is the
list TERMIABIE which associates with each nonterminal symbol
of the base component a unique terminal symbol. We illustrate
. the format for the CF grammar just given. '




3 T 4csn'r (TERMPABLE ((S1 S10)(VPL VP10) (V1 V10)(NP NPO)(VE2 VF20)
‘ . B - T (w NO) (DET DETO) (MAN MANO) (V2 V20) (cOMP COMPO) (X X0)))

. This particular fabricat on of terminal symbols (i.e,

.adding O ‘to the corresponding nonterminal) is not essential. .

LIS 3 Any LISP atoms not already used can te used. Note that the
| " rule X - XO must be included. The system requires this in

. ~ \ " lorder not to classify the rule schema symbol X as a temiinal
.symbol of the base component. The necessity to fix the value L

of TERMTABLE stems from a requirement we have of performing CF -

. é.na.lys‘is on a sequence of trees, the nodes which dominate these

tress serving as terminal symbols for thies analysis. We could

‘l:-{-.

1. . .+ have programmed the computation of a suitable value of TERMIABLE

‘from the list GRAMMAR, but we never got eround to doing so.

3 The last list which must be défined in conjunction with
 _- A | ‘the base component is the set of rules reflecting derived
| constituent stxucture, that is » Dhrase structure distinct from
that implied by Jjust the base component but which. can, fxevertheless 9
be produced by the trans;t‘onné.tional component operating on some
base structure, It is shown in [é] that there mayo be an unbounded
. number of such derived constituent structure rules implied by a
p . _ - trensformational grammar.* It is further éh’own » however, that there

. are a bounded number of such rules that can arise from a deep structure

whose depth of embedding is bounded. An algorithm is given for

* Friedman [ll] shows that even if schemata are permitted there can
. - be no algorithm for constructing & surface grammar for an arbi-
! ' ' trary transformational grammar,

_4." . h . . ’ 21
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"finding a set of phrase structure rules which includes all

of the derivec sonstituent structure rules that could be |

produced by a given transformational gremmar operating on

& structure whose maximum depth of embedding is less than

' & given integer. Conditions on & transformational grammar
are given in [2] which bound the maximum depth of embedding .
, 88 & function of sentence length. Hence, for a sentence

- of length n it is possible to find a set of phrase structure

rules that includes all the derived conetituent structure
rules produced by a derivation of that sentence. As our

Program is presently organized, however, it is necéssary to

decide upon a maximum depth of embedding for which a subsequent

analysis will be valid and to provide the sufficient set of

derived constituent structure (decs) rules. A list of these

. rules must be set to be the value of the constant AUXRULES.

A program to mechanically compute a sufficient set of
des rules for a given maximum depth of embedding has not
been cpmplete.d. Hence, at present two choices ar’g;,p&ssible.
One can either produce by hand computatioxz,n-a‘“s&ﬁcient set
of des rules, uhing the method of [/2J, or else one can use
for a pérticu]ar sentence Just a set of rules that is known
to include all the dcs rules implied by some derivation(s)

of that Sentence: This latter procedure, of course, does

- not constitute a generally valid analysis procedure. It

can fail to find certain amb:lguous' structural -descriptions, |

-—

, e .




. _ “and it requires at least a mental generation of the sentence.--
| ‘ - © It is, however, worthwhile to use this way of reducing the

- | numbexr of rules in AUXRULES Just to insure tha.f a few'

. sentences a.ré indeed generated as intended by a relatively

economical computation.

xio‘.' °
- . e

| For the small CF grammar given above and the set
L i of transformations to follow we will subsequently make
.use of the rules:
- CSET (AUXRULES ((COMP S1)(S1 THAT NP VP2) .
(vp IT)(VP2 BE ED V2)(MAN BY NP)
(si1 THAT NP VP2 MAN)(S1 NP VPL S1)
_‘ (sl FOR TO NP VE2) (S1 FOR NP VP2)
: .  (ve2 70 V2 WP)(s1 FOR VP2)(S1 VP2)
. . (S1 VP2 MAN) (SL FOR TO NP VP2 MAN)
- " (S1 FOR NP VP2 MAN)(VF2 TO BE ED V2)
(S1 FOR VP2 MAN)))

When the three lists GRAMMAR, 'i'ERM'ABLE, and AUXRULES
have been set, it is necessary to execute the LISP function
" of no arguments SETCFG. The command SEICFG () sets up'
several‘-babl'es necessary for subsequént CF grammar
enalysis. The CF analysis procedure used is the so-called’
SBT algorithm of reference [3]. |
After setting pp the base.component it .ie possible to
rerform analysis.of sentences ﬁth respect to the A'CF grammar - .
-~ thus defined. (If only analysis with réspect to & given CF

. ce .
~——— . .
. - -
. . Y
.
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. .
.
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"  grammar is wanted, set its rules as the value of GRAMMAR and
set both TERMIABLE and AUXRULES to NIL.) The function used
L is CEREO; - Tt8 first argument is a sentence to be parsede ’
,and ité's;cbnd~argument is the nonterminal symbol which is
fo,be considered the distinguished symbol of the grammar .

| for the parsing.

For the above grammar we have
CFREC ((THE DOGS LIKE THE CATS) S1) =
- (((s1(vP(DET THE) (N-D0GS) ) (VP2(V2 LIKE)(NP(DET THE)(N CATS))))NIL))

| and
CFREC ((THE DOGS) NP) =
" (((~P(DET THE)(N DOGS))NIL))

The two values of CFREC above illustrate our notation

for representing trees. The butermost parentheses reflect

the fact that the output is a list of structural descriptions
in general (although in our examples each of the two strings
has one parsing). Each paréing is expressed as a list of two
eiementS. The first element is a representation of a tree |
which is a structural description of some initial substring

- of theifirst argument of CFREC and the second element is the
list oflremaining unused terminal synibols of the first
argument which are.not included in the substring parsed.

. The tfrge representation simply denotes the structure
”’;,15&\\\
A, 3
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- : by the linear notation (Ai A, A ....An)'. The two trees represented

273

.o -ébove are;

and

NP

/\

DET N
/ N\
THE DOGS -

v

The .tra.nsfomational component is | set up by the function
SETTRANS whose single argument is a list of ordered transformations
in the format already discussed. This function computes a list
of so-called inverse transformations and fixes the value of the
constant TRANS as this i:i.st. The inverse transformations and
their role in the analysis procedure are discussed in [2]. The
format : 91’ & set of transformations fc;r the base component‘ already

¢

gliven is:

:
]
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SEPTRANS ((
(oPT (X Ir NP X)(1 2 (FOR TO 3) 4) ( ) C/INTROL)
(0PT (X TT NP X)(1 2 (THAT 3) b) ( ) C/INTRO2)

- . (oPT (X NP (VL V2) NP BY PX)(L & (BEED 3) 0 52 7) (') PASSIVE)

~(oPP (X' FOR TO NP (VL V2 BE) X) (1204 (35) 6) () ¢/prAC "2 :
(0P (X, IT 81 VP1)(1 2 0 (4 3)) () EXTRAPOSITION) |

: (OPT (X IT (V1 Vv2) FOR NP X)(L 5 3 4 0 6) () PRO/REPLAQE)
-~ (oPT (X FOR TO X)(1L 0 3 4) ( ) FOR/DELETION)

(BINARY (IT SENTB NP VP2 ((MAN)) SENTB VP1)
(2034 %507) () CHANGELEVELS)))

-
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- respectively. We will defer further dlscussion of inverse

We give below the list of inverse transformations which ig set

to be the value of the constant TRANS when the above function is

“executed.  We will refer to these inverse trarisfomatiops >

s'u'bsequenﬂy in discussing several analysis examples.

(((x 70 X}{1 FOR 2 3) OPT FOR/DELETION(TO))

. (( x (V2 v2) FORX)(1 IT 3 4 2 5) OPT pao/REPLAdE(Fog))
~(( X IT vPL 51)(1 2 4 3) OPT EXTRAPOSITION(IT))

((x FOR NP TO(V1 V2 BE)X)(1 2 & 3 5 6) OPT C/PLACEMENT(FOR TO))

((x e BE ED(V1 V2) BY NP X)(1 7 5 2 6 P 8) OPT PASSIVE(BE ED BY))

((X I THAT NP X)(1 2 4 5) OPT C/INTRO2(IT THAT))

((X IT FOR TO NP X){1 2 5 6) OPT C/INTROL(IT FOR TO)) |
(BiNARY(IT NP VP2((MAN))VPL)(1 COMP 5)(2 3 4) CHANGELEVELS(IT)))
Inverse singulary transformations are 'represented as five evlement :
1ists. The first element is the inverse structural index. The
second element is the inverse structural change, The third
element denotes. the type of singulary transformation in

question, and the fourth. element is the name of that.
transformatiomm. The fifth element is a seq,ueht:lal list of

the morbhemea appearing in the inverse structural index,

Aside from a different ordering inverse 'b:lnary transfomations
differ only in that in place of an inverse structural change :
there are two elements, the third and fourth, giving structural .

changes corresponding to the matrix and constituent sentences,

transformations to the next section,

To 1llustrate the generative application of transformational

.o : ) .o \
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rules for the simple gramnb.r given abvove ve give a derivation
of the sentence, "It appears that the dogs :I.:lke the cats."

The underlying 'base structure is

s1
B Ve |
10 conp \Vl\ [
TN\ APPEARS
SENTB §1 SENTB
/ S
BTN VNP
THE DOGS LIKE
il
THE CATS

-

On the first cycl.e.no singula.ry transformations apply. There is,

‘however, a proper analysis of the base tree With respect to the

- 8tractural index 61’ the binary transformation,

(IT, SENTB, NP, VP2, ((MAN)), SENTB, VP1).

Applying this transfomation merely erases the sentence boundary -

' | symbols SENTB. On the second cyclic application of the

transformational rules the transformation C/INTRO2 is applied to

give: \ .
N 51
. P ) ~
Iz" Coup i
S1 APPEARS
m-r/'lmlp\m
DET N 'vzl\
. THE DOGSLIKE ms."r\
- THE CATS
T 28
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Performing the next transformation that applies 0 this

~ 8tructure, EXTRAPOSITION, gives:

s1
m’% s1

‘.\
ITAMIETHATNPW

NG
DE‘I.‘N va " I
THE- DOGSL]J(E %I.v
THE CATS

the terminal symbols of which ave IT APPEARS THAT THE DOGS LIKE
THE CATS. °
- Anelysis of a sentence with respect to a grammar already
-set up is accomplished by means. 6f the function RECOGNIZE.
To analyze the sentence whose derivation appears above, for
exanple, we evaluate RECOGNIZE ((IT APPEARS THAT THE DOGS LIKE
THE CATS)). The resulting value is
((((sr(xp v (cOMP ((SL (NP (DET THE)

(N D0GS)) (VP2 (V2 LIKE) (NP (DET THE)

(N CATS)))))CHANGELEVELS) ) (VP1

(V1 APPEARS)))) (C/INTRO2 EXTRAPOSITION)))
Note _tha.j: the lists of tz;a.nsfoma.tions performed at each level
of em'bedding are attached as right sisters to the sets of
structures dominated by Sl to which they apply. Note also

that all occurrences of the symbbl SENTB are missing in this

| output, We simply don't add sentence boundary sym’bols whgn

- connectirig maprix'and constituent senténces a8 reflected by

the rule COMP-»SENTB S1 SENTB. This could, of. course, be

-
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Q | _ o easily done, but the formalization' of this paper was not
originally programmed, and later it wasn't felt important |

~enough to bother changing the output to conform with the

o et b T
.

.« .sentence boundary .formalism decided upon. Othexr analysis

examples for the sample grammar are

~  :+=’ .  RBECOGNIZE ((THE DOGS LIKE THE CATS)) = S

O P e it b f ettt 2 p 0, i

. « ((((sL(vP{DET THE) (N DOGS)) (VP2(V2 LIKE)
(NP(DET THE) (N CATS)))))NIL))

. RECOGNIZE ((THE DOGS APPEARS TO LIKE THE CATS)) =
((((s1(vp IT(COMP((SL(NP (DET THE) .
(1 D0GS) ) (VP2(va LIKE)(NP (DET THE)
| . " (¥ CATS)))) JORANGELEVELS) ) (VP1(VL APPEARS)))) |
‘ | L - o (C/INTROL C/PLACEMENT ED[TRAPOSI"I'ION- | ' y
PRO/REPLACE FOR/DELETION)))

RECOGNIZE ((IT APPEARS THAT THE CATS BE ED LIKE BY THE DOGS)) =
((((s1(vp 1T(COMP((SL(NP(DET THE) . |

R o (N D0GS)) (VP2(V2 LIKE) (NP(DET THE)

| | (N CATS))) (MAN BY P)))CHANGELEVELS))

" (VPL(VL APPEARS)))) (C/INTRO2 PASSIVE

) - EXTRAPOSITION))(((S1(NP IT(COMP o | ‘ =
) oL | . " ((s1(vP(DET 'I;I{E)(N DOGS) ) (VP2(V2 LIKE)
1 - (wp(pET THE) (N CATS))) (MAN BY P)))

i o | |  DASSIVE CHANGELEVELS)) (VP1(VL APFEARS))))
- - (C/TNTRO’ EXTRAPOSITION))) |

] ' -
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" RECOGNIZE ((THE CATS APPEARS TO BE ED LIKE BY THE DOGS))

(2 (e T (CoMP( (SL(NP(DET THE)

o (v pogs)) (vP2(v2 LIKE)(NP(DET THE)
(N CATS))) (MAN BY P)))CHANGELEVELS))
(vPL(VL APPEARS)))) (C/INTROL PASSIVE
¢/ PLACEMENT EXTRAPOSTTION PRO/REPLACE
FOR/DELETION) ) (( (S1(W TT(COMP

- ((s1(wP(DET THE) (N DOGS)) (VP2(V2 LIKE)

| . (NP(DET THE)(N CATS)))(MAN BY P)))

- PASSIVE CHANGELEVELS))(VP1(V1 APPEARS))))

(C/INTRCL C/PLACEMENT EXTRAPOSTTTON

' PRo/ﬁEPmcﬁ FOR/DELETION)))

To simplify this sample grammar we have omitted a verb-
affix permutation transformation,number agreement transformations,
and morphophonemic transformations. This simple grammar was
written by Peter Rosenbaum as an exercise in learning the
'cbnventions required by our system. |

Ve o'bserve that the last two semences can each be produced
by two distinct dexrivations which differ( only with respect to
whether"the PASSIVE transformation is performed on the first cycle
or on the second. If this transformation is made obligatory,
only a single derivation is a]rlowed, of course. '—
If the user wishes to follow the course of the recognition

procedure, an option is possible that gives extra printing.

~ This is indicated by evaluating CSET (SW3 T). Conversely

31
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setting the value of the constant SW3 to NIL causes the extra

printing to be.repressed. If SW3 is set to T, -the fonowing
. ; ' 5

printing results for a simple example:

'RECOGNIZE((THE DOGS LIKE THE CATS))

CONTINUVATION ¥O. O
(THE DOGS LIKE THE CATS) ' ~
FOR/DELETION |

PRO/REPLACE

EXTRAPOSITION

C/PLACEMENT

PASSIVE

¢/iNrRo2 . '

C/INTROL
CHANGELEVELS
BASE

~((((sr(vP(DET THE)(N D0GS) ) (vP2(ve LIKE) (NP(DET THE)(N CATS)))))NIL))

Nemes of transformations are printed as the corresponding inverse

transformations are tested for applicability. In the above simpie

example no inverse transformations were applicable, so after

exthausting them the given sentence was parsed with respect to

the base compoient CF grammar, giving the required structurael
description. ' . )

A more complicated example is the following:




© RECOGNIZE((TP APPEARS THAT THE DOGS LIKE THE CATS))
CONTINUATION NO. O S
(T APPEARS THAT THE DOGS LIKE THE CATS)
.’ FOR/DELETION |
PRO/REPLACE

o EXTRAPOSITION
- .i ((x) T (VPL(VL1 APPEARS))(S1 THAT(NP(DET THE)(N D0GS))(VE2
~ (va LIxe) (Ne(DET THE) (N CATS)))))
(IT THAT THE DOGS LIKE THE CATS(VPL(V1 APPEABS)))

. PSTEST
Passed

. #¥¥1TH CONTINUATION

. .- C/PLACEMENT -
PASSIVE
¢/ INTRO2
¢/ INTROL
CHANGELEVELS
"BASE
NO CONFINUATION

CONTINUATION NO. 1 .
‘., (1T THAT THE DOGS LIKE THE CATS(VP.'L(VJ. APPEI.\RS)))
: C/PLACEMENT |
PASSIVE ‘
. ¢/INTRO2 | . ‘.
e () IT THAT (vp(DET M) (N D0GS)) (X LIKE THE CATS(V'PJ.(VJ.‘ APPEARS))))
(T(NP(DET ujm) (N DOGS)) LIKE THE CATS (VPL(V1 APFEARS))) -

PSTEST




.

L i e N 4
f - Paségd .o
Q ¥%%2TH CONTINUATION
¢/ INTROL

CHANGELEVELS

NO CONTINUATION

| " ! ,

1 CONTINUATION NO. 2 |
| ! (IT(vP(DET THE) (N DOGS)) LIKE THE CATS(VPL(V1 Arpmns)))
- ¢/ INTROL
| j CHANGELEVELS |

| _ E (z(NP(DET THE) (N DOGS))(VE2(V2 LIKE) (NP(DET THE)(N CATS)))

3 EMPTY (VPL(VL APPEARS)))
| ¢ #¥*3TH CONTINUATION

f -~ (Tr coMP(VPL(VL APPEARS)))
| ~ Passed ‘ : . . |
| "((WP(DET THE) (N D0GS)) (VP2(V2 LIKE)(NP(DET THE)(N CATS))))
: PSTEST | 7 '
| : Passed - ‘

' CONTINUATION NO. k
i ((we(oE ) (¥ DOGS) ) (VER(V2, LIKE) (WP(DET THE) (N CATS)))
FOR/DELETION | | | | | .

. PRO/REPLACE | L
' . * EXTRAPOSITIOR | | | .

PASSIVE
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' | ¢/INTRO2
D | . ¢/TNTROL

BASE
((sL(NP(DET THE)(N DOGS))(VP2(v2 LIKE)(NP(DET THE)(N CATS)))))

#¥%STH CONTINUATION

" | CONPINUATION NO. 5
(17 (coMP((s1(NP(DET THE)(N DOGS))(VP2(V2 LIKE)(NP(DET THE)
(N CATS)))) )CHANGELEVELS) (VPL(V1 APPEARS) ))

| 4 o ((s1(vp TT(CcOMP((SL(NP(DET THE)(N DOGS)) (VP2(V2 LIKE) (NP
(DET THE)(N.CATS)))))CHANGELEVELS)) (VP1(VL APPEARS))))

Veer " o

. o CONTINUATION NO. 3.
{ (IT(NP(DET THE)(N DOGS)) LIKE THE CATS(VPL(VL APFEARS)))
f BASE

NO CONTINUATION
P ((((sa(we Tr(coMp( (s1(NP(DET THE) (N DOGS)) (VP2(V2 LIKE) (WP
| o 3 * (bET THE)(N CATS)))))CHANGELEVELS)) (VPL(VL APPEARS))))

(c/INTRO2 EXTRAPOSITION)))

We give a brief commentary on this print out below. It
‘18 not meant to be an explanation of how the analysis procedure
works. Rather it merely illustrates the output format for

- ,displaying the intermediate struct‘ure that is pieced together

. S 0 B Kt e

. &t each stage of the analysis in temms that should be clear

)

’ | . to the reader familiar with reference [2]. Other readers
35 N
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“will understand what seqnénce of computations is being made-but

will not héve'ény understanding of vhy this sequence constitutes

. & complete analysis,

The FOR/DELETION and PRO/REPLACE inverse transformations

* are not applicable. The glven sentence is analyzabie into a

sequence of trees satisfying the inverse structural index

. of the inverse EXTRAPOSITION transformation, however. This

‘sequence of trees is given on the line after the name of the

transformation EXTRAPOSITION, and on the subsequent line is

" . found the transformed sequence of trees formed by the inverse
EXTRAPOSITION transformation. The PSTEST appearing on the
_ next ‘line refers to & necessary test which must be passed 1if

" & sequence of trees resulting from an inverse transformation is

to lead to & valid structufal description. If such a sequence
of trees is to be further cénsidered, it must be s proper
analysis of a derived structure tree at somg‘point in the
derivation of the sentence in question. Hénce, it must be
possible to build up structure from this sequence of trees to
the sentence symbol S1l, using both the original base rules and

the derived constituent structure rules included in the list

AUXRUIES. The message PASSED on the line after PSTEST indlcates .

that this necessary test was passed.'
. The next line **¥1TH CONTINUATION indicates that the

transformed sequence of trees is being etored on a pushdown
' )

8 1list as cdntinuation number one.

The subsequent list of transformation names refer to inverse




". transformatioms considered for potential performance on the .

- untransformed sequence (IT APPEARS THAT THE DOGS LIKE THE

CATS). When this continuation eventually fails, the
transformed sequence of trees (continuation number one)

- 18 taken from the pushdown list.
The inverse transformations C/PLACEMENT and PASSIVE do not -

apply but C/INTRO2 does apply. The test PSTEST on the e
- transformed sequence of trees is passed and this sequence is
stored as continuation number two. The continuation
resulting from not applying the inverse C/INTR02 tranéfbrmation
fails with no further inverse transformations being applicable
and continuation tﬁo is next consideredt Inverse C/INTROl
1s not applicable, but the inverse of binary t;ansfbrmation
:_CHANGELEVELS is applicable. In the case of inverse binary
~ transformations the order of: considering transformed and

untransformed sequences is reversed. The untransformed sequence

' 1s stored away as continuation three s and that part of the

~inverse binary transfdrmtio_n is performed which gives the
matrix sentence continuation. This sequence,
(IT coMP(VPL(VL APPEARS))),
passes ‘the test PSTEST as does the constituent sentence sequence
((xp(DET THE) (N DOGS))(VP2(V2 LIKE)(NP(DET THE)(N CATS)))). .
Tﬁe constituent sentence cont;inuation (which is lebelled

- continuation nunber four) is next subjected to the entire inverse

transformational cycle. No transformations are performed, but
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the base structure
(m(rm(nm THE) (N Doas))(m(va LIKE) (NP(DET THE) (N CATS)))) -

1s found. This structure is then attached to the symbol

" GOMP of the matrix sentence continuation and stored as

continuation number five. This continuation is

immediateiy retrieved and bullt up to Sl by means of the '~ .

base c¢.._.nent rules, giving a complete structural description.
Continuation three is then pursued. This continuation dies
1mmediatei& because it is not possible to build the sequence
up to Sl using base compoﬁent rules. Finally, the structural
description found is printed out. |

-

In addition to the printing option controlled by the

-value of the constant SW3, there are several other constants

whose value glves options. Constants NOTEST and NOTESTl determine

whether the test PSTEST is to be carried out after performance

of singulary and binary transformations, respectively. A value
of NIL indicates the tests. are to be perfommed and a value

of T indicates they are not to be performed. Setting ONECPL

to T is appropriate only when it iéVnown pribr to anélyzing

a sentence that that sentence contains no more than & single
COMP at any level of embedding. If ONECPL is NID no such
simplifying assgmption is made. SDSASFOUND is a constant which,
if its value is T, s;gnals that each structural description is

t0 be printed as soon as it is found. Setting SDSASFOUND

+t0 NIL indicates structural descriptions are to be printed only

afﬁgr the analysis procedure has been completed. IFinally, the

38
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Q' o | " . value of NOOFPARSINGS controls the numbe? of structural
/ | descriptions with respect to a given set up context-free
» grammar which are to be computed by the function CFREC. The
. self;explanatory possible values-are ONE and ALL, and only

* the latter is appropriate for use in analysis with respect

to a transformational grammer. Setting NOOFPARSINGS to
ONE is useful if for some reason only a single structural
description of a sentence with respect to a given CF grammar

1 ' *. 48 required.

Decks of cards containing the version of the system we

i : : ) haye described are available ‘to any interested group. Theée

o I ‘aTe appropriate for the IBM TO94 and TO4l LISP systems. . They
consist of LISP packets which define and éompile the functions

| | | .',l-" o needed, set required values of all constants, set up the simple R

grammar of this paper, and analyze a few sentences. This, in

.conjunction with the present paper, should prove sufficient

to permit the testing of transformational grammars written by

individual writers.

Discussion '

We have defined a class of transformational grammars and
have described how to use a computer program which determines
all of the structural descriptions of a sentence with respect

.to an arbitrary membgr of this cJaﬁs of grammars. It is hoped
| . that we have done this well enough ‘to pemmit the use of our

-syntactic ana.iys:la system by any interested investigator.

-~
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Our work on syntactic ana.lygsis contrasts in several respects
with that of other groups'. The principa.l dif,ferehce ’ obvioﬁsly,
is that few efforts have been directed toward the analysis of ~ .
sentenées with respect to transformational grammars. Limit_ing

our attention to analysis procedures for transformational

14

gramnars., we find work by Matthews [6,7,8] Zuicky et al’ [h,9]
':"'.' [ and Kuno [1.0] . Matthews was the first to write on the trans=
| formational recognition problem. Briefly, he showed how for
every structural description of each sentence of a language
defined by some transformational grammar, it is possible to |
set up a unique integer (spec'iﬁer) that denotes a uniciue
é;'a'nsfomational derivation of th;a sentence in question. By
. obtaining a bound £(n) on the specifier of a sentence consisting
of n terminal symbols, he éemonstrat?d 1';1131; it is in principle
v ’po‘ssible to obtain all structural descriptions of & given |
sentence by applying the rules tﬁrough a synthesis procedure
. : no more than a bounded number of ways. He observed that actually
following such a procedurc would be prohibitively time consuming,_
end he proposed to make the procedure feasible by performing |
certain preliminary ané.lyses on the sentence so as to preclude'
large ‘numbers of potential specifiers and o reduce the amount,
of exhaustive sentence synthesis required to a reasonable
magnitude. In his last paper he’ gave details of how a system
of specifiers could be set up for a so-called deep structure

D . A Y
. . transformational gramar, and he began to consider details of a

preliminary analysis procedure. This system has not been
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.prograxmned to date. Our analysis procedure finds all structural

descriptions of & givan sentence along with, possibly, one or-

more incorrect structural descriptions. Foxr a discussion of

why a synthesis phase ia necessary see Section 3.8 of [2] .

Hence, this procedure must be used' as a prel:l.minéry enalysis

procedure in conjunction with an analysis-by-synthesis algorithm
i as suggested by Matthews. Our procedure differs from his in

that we do not eliminate blocks _of sequential specifiers,

testing other blocks by means of a synthesis component. Ins.tead,

we generate a set of potential specifiers thet must include

every valid specifier, and we test each of these with a subsequent

synthesis.

A distinctly different approach has been utilized by the

Language Processing Techniques Sub-department of the MITRE

'Co}poratibn; Briefly, .they make use of a so-calied CF surface
grammar that assigns 1;6 each sentence all of the final derived
constituent structure trees 'that are specified by a given transe-

. formational grammar. The surface grammar may also assign unwanted,
.erroneous derived constituent structure or even generate sentences
not Qefined by the given transfom.zational grammar. In the
MITRE approach inverse transformations which map trees into ‘breeé
are applied in reverse generative order to the set of surface
trees given by the surface gramar; and the resulting trees
are checked to insure that they satisfy the 'given-'ba.se component .

" phrase structure rules. Finally, potential structural descriptions

thus obtained are submitted to & eynthesis component for veri-

fication or xrejection.




The work by Zwicky et el at the MITRE Corporation has been
directed toward achieving somewhat different goals then our own.

Vhereas we insisted upon providing an analysis procedure that

is valid for a class of grammars, the work at MITRE has been

concerned with a single grammar. (Although the scope of this
grammar has been continually extended, at eveﬁ point its
associated analysis algorithm has been individually constructed.
for the existing grammar). In aédition, we have required that

our procedure find all structural descriptions assigned to a
sentence by & given grammar. The MITRE analysis program, on the
other hand, is not based upon underlying theomtic_al considerations
which guarantee all structural descriptions Qf a sentence will |
'be found.. There é.re » however, no known instances where the

| analysis program is known %o fail to produce all of the structural

descriptions assigned to @ sentence by the so-called JUNIOR Grammax

of reference E9].

As might be expescted, a rather high price is paid for the
generality and theoretical validity of our program. This is
bourne‘ out by comparative computing times, even though there
'were'tfemendous differences in the computers that were used,
in the grammars that were considered, in the programing language
sysi;ema th'a'b were employed, and in the implementation details
. that were utilized. The total processing time of 5.1l minutes




for 28 sentences cited by MITRE -contrasts with our own processing

time requirements which have ranged from a few seconds to as

.

' much as ten minutes per sentence on the IBM T094. The undoub* .1y )
greater speed of the MITRE program makes its use more feasi'.e
for nﬁtml language computer programming applications. It :!.s |
-nﬁt, however, suitable for use by a 1inguist who wished to
test his own transformational grammar to ascertain that it assigns

structural descriptions as intended.

Kuno [10] has also considered the a.nalysis problem for

tfc'ansfomational grammars. He has observed that for many trans-
" formational grammars which have been written to describe subsets
of English it is possible to predict contiguous portions of the
deep structure assigned to a sentence from corresponding dis-
tinctive local blocks of surface structure. His proposed approach
is to make use of a standard form CF grammar which generates
the sentences ‘specified by a given transformational grammar and
to develop & procedure for mapping structural descriptions assigned
by the standard form grammar directly into those deep structures |
assigned to the sentence by the transformational grammaxr. No
a.lgor:ithm has yet been developed for computing the required standard
form ‘grammar or for devising a general procedure for mapping its

structural descriptions into base structures assigned by a given

" traneformational grammar,

1
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We are still working on extending the version of the program
described in this paper. The a.na.iysis procedure is being modi-
fied to"be valid for grammars which make use of complex features
. for restriéting the lexical rewriting portion of the base compo-~
.nent. We will also permit transformations to make references to
' features. Additional facilities will also be added to permit the
éta.tenient of generalized structural conditions on ;i;he applicablility
of transformations, These modifications. should permit consideration
of grammars employing essentially the formalism used by Rosenbaum

in his core grammar [5;‘ .

Several additional programs are being written to make our

present system easier to use. The mechanical computation of
derived constituent structure rules (AUXRULES) required for analysis:
of sentences whose depth of embedding does not exceed a given
constant is being programmed. A synthesis component is also

| being programmed. This is required not only to eliminate
structures which cannot be transformed to produce the given
sentence, but also 18 required as an independently useful tool
in testi'ng a transformational g.'.camar. By meens of a synthesis
compc;rlént many gross errors should be detected more economically

than would be possible if only an analysis program were used.

Finally, we are continually making changes- designed to make

* “our analysis procedure more efficient. Changes:being made to

bl
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increase programming efficiency include development of selected

machine-coded subroutines and increased use.of LISP property

lists. Changes to the undexlying theoretical analysis procedure

will probably do even more to increase efficiency. Improvements

‘currently being programmed include modification of the analysis

procedure (1) to make continual use of restrictions during the. .

course of an analysis which are associated with the requirement

that an obligatory transformation be performed if applicable,

and (2) to make use of selectively applicable AUXRULES at dif-
ferent points in an analysis. It is hoped that these changes
will result in a systém..which is significantly more useful than

the present system for testing transformational grammars and

- for application to systems that allow man-machine communicetion

by means of a useful subset of English.
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